The allelopathic impact of aqueous extract (2.5 and 5%) and residues (2 and 4%) of five aquatic weeds namely Alternanthera philoxeroides, Alternanthera sessilis, Conyza stricta, Polygonum barbatum and Echinochloa crus-galli was investigated on the germination and early growth of wheat (Triticum aestivum). The aqueous extracts and residues of all tested weeds at different concentrations suppressed the germination/emergence percentage, mean germination/emergence time, and germination/emergence index and early seedling growth of wheat. Of the species tested, A. philoxeroides and A. sessilis showed the higher inhibition than C. stricta, P. barbatum and E. crus-galli. The results revealed that the inhibitory effect was proportional to the concentrations of the extracts and residues. Higher concentrations of extracts and residues had the stronger inhibitory effect. Aqueous extract caused more detrimental effect as compared to soil incorporated residues. Phytotoxins were identified as caffeic acid, chlorogenic acid, ferulic acid, 4-hydroxy-3-methoxybenzoic acid, gallic acid, p-coumaric acid, m-coumaric acid, syringic acid and vanilic acid. It can be concluded that rice aquatic weeds contain allelopathic compounds in their tissues which may cause allelopathic effects on subsequent wheat crop in rice-wheat cropping.
Introduction
Allelochemicals are detrimental to crop plants resulting in reduced and delayed germination and reduction in seedling growth (Herro & Callaway, 2003) . Replantation problems, poor crop stand and direct interference by certain weeds have been attributed in the part of allelochemicals (Weston, 1996) . Decomposing plant residues in the soil may adversely affect the emergence and growth of subsequent crop (Khaliq et al., 2011) . Inderjit & Duke (2003) documented that dead tissue of plants release phytochemicals in the soil, thus facilitating their harmful effects in the field. The harmful effects of decaying weeds residues depend upon the release of secondary metabolites into the soil. These chemicals may wash out directly from the residues, or may result of microbial activity during decomposition of residues (Kumar et al., 2006) and affect the germinations and seedling growth of succeeding crop by releasing phenolics in the soil (Batish et al., 2005) .
Wheat (Triticum aestivum L.) is an important crop in the rice-wheat cropping system that is one of the important and major agricultural production systems in South Asia. This cropping system is covering 13.5 m. ha and about 20% of the world population is dependent on the production of this area (Timsina & Connor, 2001) . It includes Pakistan, Northern India, Bangladesh and Nepal and covering about 42% of the total wheat and about 32% of the total rice area in these countries (Timsina & Connor, 2001) . Rice-wheat cropping is one of the most extensive cropping systems covering about 2.1 m. ha in Pakistan alone (GOP, 2003) . Wheat is grown in rotation after rice in Pakistan. Production of subsequent wheat crop is believed to be negatively influenced by the residues of rice weeds.
Alligator weed [Alternanthera philoxeroides (Mart) Griseb.] is an immersed aquatic weed which has been spreaded in many parts of the world and now it is considered an invasive species in New Zealand, India, China, Pakistan, Australia, Thailand and the United States (Everitt et al., 2007) . Sessile joyweed (Aternanthera sessilis L.) is a common aquatic weed occurs around the world including India, Pakistan, Bangladesh, and many other countries of Southeast Asia (Grubben et al., 2004) . Erect horseweed (Conyza stricta L.) mostly found in warm temperate and tropica regions all over the world, and also north into cool temperate regions in eastern Asia and North America (Zelaya et al., 2007) . Joint weed (Polygonum barbatum L.) is a perennial weed found commonly in aquatic places, by the sides of the rivers, canals, flooded roadsides ditches, small ponds and rice fields throughout Bangladesh, India, Pakistan and Thailand, and also in many other countries in the south-east Asia. Barnyard grass (Echinochloa crusgalli L.) is aquatic weeds commonly found in rice field. It is one of the world's worst weed spread all over the world including China, Pakistan, india and other countries of Asia. Literature disclosed that these weeds contains secondary metabolites which interfere the growth of neighboring plants (Bussmann et al., 2006; GRIN Database, 2009; Zhang et al., 2009; Dhole et al., 2011) .
It is hypothesized that the residues of rice weeds may cause allelopathic interference to wheat especially in rice-wheat cropping system. Therefore, present study has been designed with the objective to evaluate the allelopathic effects of rice aquatic weeds on germination, emergence and seedling growth of wheat.
Materials and methods
Whole mature plants of selected weeds viz. A. philoxeroides, A. sessilis, C. stricta, P. barbatum and E. crus-galli were uprooted randomly from Agronomic research area, University of Agriculture, Faisalabad, Pakistan, during 2012. These weeds were washed in distilled water for removing dust and soil particles and then were dried in shade for a week at 25 o C. These pieces were put in oven for 24 hours at 70 o C. After oven drying, whole plants of each species were chopped into small pieces.
The dried pieces of the weeds plants were weighed and put in distilled water separately in the ratio of 1:20 (w/v) at room temperature for 24 hours. The extract of whole plant was obtained by filtering it through whatman No.1. The leachates were collected in separate bottles and tagged. The extract obtained after filtering was used for study.
Dried whole plants pieces of A. philoxeroides, A. sessilis, C. stricta, P. barbatum and E. crus-galli were ground into small pieces (to make decomposition and mixing of plant residues easy in the soil) with the help of grinder. Wheat crop was used to test the effect of tested weedswater extract and residues at different concentration on the germination and early seedling growth. A completely randomized design (CRD) with factorial arrangement with 4 replications was used to conduct the experiments.
To test allelopathic effects of aqueous extracts of weeds, ten seeds of crop were placed in one petridish separately lined with doubled layered filter paper.At start of experiment 7 ml of each extract at 2.5% and 5% concentration was applied in every petri dish, separately. Minimum and maximum temperature was 19 and 22°C, respectively. The petri dishes were observed daily and extracts/distilled water were added when needed. After 15 days, the seedlings were uprooted and washed with water. The length of roots and shoots was measured. Roots and shoots were oven dried at 70 °C until a constant weight was obtained.
To study allelopathic effects of aquatic weeds residues, ten seeds of wheat were sown in pots in which residues of weeds were mixed in soil at the rate of 2% and 4%. Then distilled water was applied to avoid the drying out of seedlings throughout the growth period.Minimum and maximum temperature was 19 and 22 0 C, respectively. After 15 days, the seedlings were washed with water and length of roots and shoots was measured. Roots and shoots were oven dried at 70 °C until a constant weight was obtained.
Germination/ emergence were observed on daily basis as per method of Association of Official Seed Analysis (1990) . The number of seeds germinated was counted daily up to fifteen days after which the observation ceased. Seeds were considered germinated, when radical length was over 2 mm. All the seedlings from each replication were taken and the length of each root and shoot was measured in cm to get average root length and shoot length. Roots and shoots of the all seedlings were separated, oven dried at 70 o C till constant weight. Different germination and seedling growth parameters were calculated according to their prescribed procedures such as mean germination/ emergence time (MGT/MET) (Ellis & Roberts, 1981) , germination/ emergence index (GI/EI) (AOSA, 1990), seedling vigor index (SVI) (Abdul-Baki & Anderson, 1973) .
Total water-soluble phenolics in the weeds were estimated as per the method of Swain & Hillis (1959) using Folin-ciocalteu reagent. Their amounts were determined spectrophotometrically at 700 nm against the standard of ferulic acid. A. philoxeroides, A. sessilis, C. stricta, E. crusgalli and P. barbatum contain 106, 116, 159, 428 and 56µL mL -1 of phenolic contents, respectively (Table 1) .Suspected phenolics were chemically identified on Shimadzu HPLC system (Model SCL-10A, Tokyo, Japan). The peaks were detected by UV detector. Standards of suspected phytotoxins (Aldrich, St Louis, USA) were run similarly for their identification and quantification. The identified phenolics are listed along with their concentrations in the Data analysis: Similar trend was shown by the data of repeated studies. Data collected were therefore pooled to get their means which were then analyzed statistically using Fisher's Analysis of Variance technique on MSTATC Software program on a computer. Treatment means were compared on the basis of least significant difference at the 5% probability level (Steel et al., 1996) .
Results and discussion
Aqueous extract of all tested weeds inhibited the germination traits of wheat. Alternanthera sessilis at 5% concentration caused maximum inhibition in germination percentage mean germination time (MGT) and germination index (GI) of wheat seeds (Figure 1-3.) . The extracts at 5% concentration resulted in higher inhibition as compared to 2.5% extracts. These results are supported by the findings of Zuo et al. (2012) who reported that Alternanthera philoxeroides grown in aquatic ecotype had strong allelopathic potential due to higher levels of antioxidant compounds (protein and flavones) and higher activity of protective enzymes (superoxidase dismutase, peroxidase and catalase). These results are also supported by the findings of Zhang et al. (2009 ), Dhole et al. (2011 and Gu et al. (2008) . They reported that the aqueous extract from A. philoxeroides, A. sessilis and E. crus-galli put inhibitory effect on seed germination and seedling growth of different agronomic crops.
Aqueous extract of all tested weeds at both concentrations suppressed the shoot length, root length, total dry weight and seed vigor index of wheat seedlings as compared to control. The aqueous extracts of A. sessilis at 5% resulted in maximum inhibition in seedling growth followed by A. philoxeroides at same concentration (Figure 4-7) .
Extracts of different weeds may contain some toxic substances (allelochemicals) that inhibited root and shoot growth (Benyas, et al., 2010) . Alternanthera philoxeroides and A. sessilis caused maximum inhibition both in germination and seedling growth because the Alternanthera sp. grown in aquatic ecotype exhibited significantly greater allelopathic potential (Zuo et al. 2012) . Recent literature showed that A. philoxeroides and A. sessilis exert growth-inhibitory influences on wheat germination and early growth through their water-soluble allelochemicals (Liu et al., 2007; Zhang et al., 2009; Dhole et al., 2011) .
Residues of all tested weeds inhibited the emergence of wheat at both residues concentrations as compared to control. Inhibitory effect was more sever at 4% concentration. The residues of A. philoxeroides at 4% concentration caused maximum inhibition in emergence percentage, mean emergence time (MET) and emergence index (EI) of wheat (Figure 8-10) . Emergence percentage and EI were reduced by all tested weeds at both 2% and 4% residues while the MET were increased. Alternanthera philoxeroides and A. sessilis residues were more effective in inhibiting the emergence as compared with C. stricta, P. barbatum and E. crus-galli residues. Our study is in agreement with earlier studies where residues of allelopathic weeds have been reported the deleteriously effect on early growth wheat (Singh et al., 2003) by releasing water-soluble phenolic acids into the soil environment and not through soil nutrient depletion. These results are also supported by the findings of Allelopathic effects of whole plant aqueous extract of aquatic weeds on (Fig.1) germination percentage, (Fig. 2 ) mean germination time, (Fig.  3) Germination Index of wheat. Allelopathic effects of whole plant aqueous extract of aquatic weeds on (Fig. 6 ) total dry weight and (Fig. 7) seedling vigor index of wheat. Allelopathic effects of whole plant residues of aquatic weeds on (Fig. 8) emergence percentage, (Fig. 9 ) mean emergence time and (Fig.  10) emergence index of wheat. Allelopathic effects of whole plant residues of aquatic weeds on (Fig. 11 ) shoot length and (Fig. 12) root length of wheat. Allelopathic effects of whole plant residues of aquatic weeds on (Fig. 13 ) total dry weight and (Fig. 14) seedling vigor index of wheat. Tanveer et al., (2010) and Katoch et al., (2012) who reported that residue of allelopathic weeds in soil had inhibitory effect on the emergence percentage, mean emergence time and emergence index of wheat.
Shoot length, root length, total dry weight and seedling vigor index (SVI) of wheat seedlings were inhibited by weed residues over control (Figure 11-14) . Most sever effect was shown by A. philoxeroides at 4% residues concentration. It could be attributed to the availability of more allelochemicals than others because the Alternanthera sp. grown in aquatic ecotype exhibited significantly greater allelopathic potential (Zuo et al., 2012) . Previous studies showed that alligator weed produced strong allelopathic effects on field crops, including wheat, eggplant and rape (Liu et al., 2007; Zhang et al., 2009) . A number of studies have shown that residues from several allelopathic weed species release allelochemicals into the soil, thus affecting the performance of associated and next-season crop plants (Shaukat et al., 2003; Singh et al., 2003) . Aqueous extract caused more inhibition then soil incorporated residues. In petridishes allelochemicals directly affect seed without any transformation and breakdown. But soil possesses the ability to adsorb/detoxify bioactive compounds (Inderjit and Weiner, 2001) .
Furthermore, the presence of phenolic compounds such as caffeic acid, chlorogenic acid, 4-hydroxy-3-methoxybenzoic acid, ferulic acid, mcoumaric acid, p-coumaric acid, gallic acid, syringic acid and vanilic acid in the weeds played a role in inhibition of seed germination and growth of wheat. Channappagoudar et al., (2005) stated that phenolic compounds are major phytotoxins which cause inhibition in seed germination and early seedling growth of plants.
Conclusions
On the basis of these results we can conclude that residues of aquatic weeds (A. philoxeroides, A. sessilis, C. stricta, P. barbatum and E. crusgalli) have allelochemicals which can affect the growth of next-season crop plants especially wheat in rice-wheat cropping system. Therefore we must keep these weeds under check at the emergence stage so that there allelopathic based crop growth inhibition may be avoided.
